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VOLTAGE CONTROLLED OSCILLATORS WITH 
SELECTABLE OSCILLATION FREQUENCIES AND METHODS FOR 

ADJUSTING THE SAME 

RELATED APPLICATION 
This application claims the benefit of Korean Patent Application No. 
10-2003-0006364, filed on January 30, 2003, which is incorporated herein in its 
entirety by reference. 

BACKGROUND OF THE INVENTION 
The present invention relates to voltage controlled oscillators, and more 
particularly, to an inductor-capacitor (LC) voltage controlled oscillator and methods of 
using the same. 

It is known to use a voltage controlled oscillator (VCO) in mobile wireless 
communication systems. The VCO in such devices may be an inductor-capacitor (LC) 
voltage controlled oscillator, which may include an inductor and a varactor. Such an 
LC voltage controlled oscillator generally has frequency variable characteristics and 
low noise characteristics suitable for use as a local oscillator in mobile communication 
systems. 

As mobile communication devices have been introduced supporting multi-band 
and multi-mode characteristics, there has been an increased need for related Integrated 
Circuits (IC) for communications devices with an increased working frequency band of 
a voltage controlled oscillator. The voltage controlled oscillator may be used, for 
example, as a local oscillator in a Phase-Locked Loop (PLL) of a mobile 
communication device and also may used in an offset PLL of a system transmission site, 
such as a Global System for Mobile Communications (GSM) site. Therefore, the 
stability of the voltage controlled oscillator must be sufficient to stably operate the PLL. 
It is known to provide an improvement in the stability of the PLL by changing a gain of 
the voltage controlled oscillator within a limited range at a wide working frequency 
band. 
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FIG. 1 is a schematic circuit diagram of a conventional LC voltage controlled 
oscillator. As shown in FIG. 1, a voltage applied to the conventional LC voltage 
controlled oscillator changes the capacitance C v of a varactor, which changes the 
overall capacitance of the oscillator while the inductance is substantially unchanged. 
5 As a result, a resonance frequency of the LC voltage controlled oscillator changes and 
the LC voltage controlled oscillator operates responsive to application of the voltage. 
Also shown in FIG. 1 are a parasitic resistance component R and a capacitance 
component C| oa d, which exist at an output terminal of the oscillator that outputs an 
oscillation (oscillating) signal Vo. 

10 It is also known to use an LC voltage controlled oscillator that simultaneously 

uses a switched capacitor and a varactor in mobile communication systems. Such an 
oscillator is described, for example, in United States Patent No. 6,21 1,745. 

For the LC voltage controlled oscillator shown in FIG. 1, the bandwidth of the 
oscillating frequency typically may be enlarged by increasing a range of the 

1 5 capacitance C v of the varactor. However, a gain of the oscillator generally must be 

increased to widen the range of the capacitance C v . An excessive increase in the gain of 
the oscillator may aggravate the noise characteristics of the oscillator. In addition, as 
such oscillators are incorporated in integrated circuit (IC) devices designed to operate 
at a low voltage, there is typically a limit to how much the frequency bandwidth of 

20 oscillators using a varactor can be increased. Furthermore, as a switched capacitor and 
a varactor are simultaneously used to enlarge the frequency bandwidth of such a 
conventional LC voltage controlled oscillator, a resulting increase in the total number 
of switched capacitors, while increasing the bandwidth of the working frequency, ma 
also cause a fluctuation of the gain of the oscillator. This may, in turn, deteriorate the 

25 stability of the oscillator in a PLL. 

SUMMARY OF THE INVENTION 
According to some embodiments of the present invention, voltage controlled 
oscillators include an amplifier that generates an oscillation output signal having an 
30 oscillation frequency based on an applied inductance and capacitance. An inductor 

coupled to the amplifier applies the inductance. A switched capacitor circuit includes a 
plurality of switches and capacitors selectably coupled to the amplifier through 
respective ones of the switches. A switched varactor circuit includes a plurality of 
switches and varactors selectably coupled to the amplifier through respective ones of 
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the switches. The capacitances of the varactors are responsive to an applied control 
voltage. A control circuit is configured to select ones of the switches of the capacitor 
circuit and of the varactor circuit and to provide a selected control voltage to the 
varactor circuit to apply a desired capacitance to the amplifier. 
5 In other embodiments of the present invention, the control circuit is configured 

to select designated ones of the switches of the capacitor circuit and of the varactor 
circuit and to apply a designated control voltage to set the oscillation frequency while 
limiting a variation in gain of the amplifier across a range of oscillation frequencies. 
The amplifier may be a trans-conductance amplifier and the oscillator may also include 

1 0 a non-switched varactor coupled to the amplifier. The non-switched varactor may have 
a capacitance responsive to the control voltage. 

In further embodiments of the present invention, the control circuit is 
configured to set the switches of the switched varactor circuit and the switched 
capacitor circuit substantially simultaneously to limit variations in a gain of the 

1 5 amplifier when changing the oscillation frequency. The amplifier may be a bipolar 
transistor or a field effect transistor. The plurality of capacitors of the switched 
capacitor circuit, respectively, may have capacitance values Csm 2 J Csw,---, and 
2 (n ~ 1) Csw, wherein Csw is the capacitance value of a lowest capacitance one of the 
plurality of capacitors and wherein n is a number of capacitors in the plurality of 

20 capacitors of the switched capacitor circuit. The plurality of varactors may have 

capacitance values CV.sw, 2 l Cv,sw->.-> and 2 n ' J Cy t sw, where O^is the capacitance value 
of a lowest capacitance one of the plurality of varactors and wherein n is a number of 
varactors in the plurality of varactors. The varactors may have pn-junction diode 
structures. 

25 In other embodiments of the present invention, the control circuit is configured 

to switch on and/or off the switches of the switched varactor circuit such that the 
capacitances of the varactors of the switched varactor unit connected to switched ones 
of the switches of the switched varactor circuit satisfy the following equation: 

C vJt =(A 0 +kA 5W )C JO (\ + V c J<f>y m 

30 wherein k is a decimal value of a binary digital control signal for selecting ones 

of the plurality of switches of the switched varactor circuit, C v ,k is a sum of the 
capacitances of the varactors coupled through selected switches, A Q is a capacitance 
area of a non-switched varactor coupled to the amplifier, A sw is a unit capacitance area 
of a switched varactor, V c/U is the control voltage, C jo is a capacitance value per a unit 
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area of a varactor when an inverse bias voltage is 0, <p is a built-in potential and m is a 
coefficient that represents varactor characteristics. The unit capacitance area of the 
switched varactor A sw is selected to minimize the rate of variation in a gain of the 
oscillator based on following equations: 

(l + ^-) a 27(^-^) + 2(l + -^-) 3 

q = * = ^ 

^9 54 



S=^R + jQ 3 + R 2 , T=^R--jQ 3 +R 2 , where ST = -Q, 

fl - ( 5 +r ,(i)o^))'- ^; ( *;'^- . 



A: (l-a) + l 



where is a load capacitance value that is parasitic on an output terminal of the 
oscillation output signal, A: is a decimal value of a binary digital control signal for 
selecting ones of the plurality of switches of the switched varactor circuit, C Vt k is a sum 
of the capacitances of varactors coupled through selected ones of the switches, C sw is a 
10 capacitance value of switched capacitors, A Q is a capacitance area of the non-switched 
varactor and A sw is a unit capacitance area of a switched varactor. 

In other embodiments of the present invention, phase-locked loop circuits are 
provided including a voltage controlled oscillator according to one of the embodiments 
described above. 

15 In further embodiments of the present invention, methods of changing the 

oscillation frequency of a voltage controlled oscillator having an amplifier with an 
inductor, a switched capacitor circuit and a switched varactor unit coupled thereto that 
determine the oscillation frequency are provided. A capacitance of the switched 
varactor circuit as seen by the amplifier is changed by selecting a desired control 

20 voltage input to the switched varactor unit that determines a capacitance of varactors 
included in the switched varactor circuit and by selecting ones of the varactors included 
in the switched varactor circuit to couple to the amplifier. A capacitance of the 
switched capacitor circuit as seen by the amplifier is changed by selecting ones of a 
plurality of capacitors included in the switched capacitor circuit to couple to the 

25 amplifier. An amplified oscillation signal having an oscillation frequency based on the 
changed capacitance of the switched varactor circuit and the changed capacitance of the 
switched capacitor circuit is generated from the amplifier. 
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According to further embodiments of the present invention, a voltage controlled 
oscillator includes a trans-conductance amplifier that generates an amplified oscillation 
signal having oscillation frequency, which change in response to changes in input 
5 whole inductance and capacitance, and outputs the signal to an oscillation signal output 
terminal; an inductor that supplies the whole inductance; a non-switched varactor 
whose capacitance changes in accordance with a change in a control voltage applied to 
a control voltage input terminal, the capacitance of the non-switched varactor resulting 
in a change in the whole capacitance; a switched capacitor unit that includes a plurality 

10 of digital switches controlled by a control circuit, and capacitors connected to the 
digital switches, respectively, the capacitances of the capacitors connected to the 
switched digital switches being adjusted to change the whole capacitance; and a 
switched varactor unit that includes a plurality of digital switches, and varactors that are 
connected to the digital switches, respectively, and whose capacitances change in 

1 5 accordance with a change in the control voltage, the capacitances of the varactors 
connected to the switched digital switches being adjusted to change the whole 
capacitance. 

The trans-conductance amplifier may include a bipolar transistor or a field 
effect transistor. The switched capacitor unit may include the plurality of capacitors, 
20 the capacitances of which are assigned with binary weights to obtain capacitance values 
Csw>> 2 I Csw,—, and 2 (n ~ I} Csw, Csw denoting the capacitance value of the lowest-rank 
capacitor. 

The switched varactor unit may include the plurality of varactors, the 
capacitances of which are assigned with binary weights to obtain capacitance values 

25 Cy,sw-> 2 l Cv r sw^-^ and 2 n ' 1 Cv,sw, Cv,sw denoting the capacitance value of the lowest-rank 
varactor. The varactors included in the switched varactor unit may change in 
accordance with a change in the control voltage. In particular, the varactors included in 
the switched varactor unit may have pn-j unction diode structures such that their 
capacitances change in accordance with a change in the control voltage. 

30 According to other embodiments of the present invention, methods of operating 

a voltage controlled oscillator include supplying a whole inductance using an inductor 
included in the oscillator; changing the whole capacitance of the oscillator by 
controlling the capacitance of a varactor unit included in the oscillator in accordance 
with a change in a control voltage input to a control voltage input terminal; changing 
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the whole capacitance of the oscillator by controlling a sum of the capacitances of a 
plurality of capacitors of a switched capacitor unit connected to a plurality of switched 
digital switches, the plurality of digital switches being controlled by a control circuit; 
changing the whole capacitance of the oscillator by controlling a sum of the 
5 capacitances of a plurality of varactors of a switched varactor unit connected to the 
switched digital switches, the capacitances of the varactors changing in accordance 
with a change in the control voltage and generating an amplified oscillation signal 
having oscillation frequency, which changes in response to changes in the input whole 
inductance and capacitance, using a trans-conductance amplifier included in the 

10 oscillator, and outputting the signal to an oscillation signal output terminal. 

In a voltage controlled oscillator according to some embodiments of the present 
invention, a trans-conductance (Gm) amplifier generates an amplified oscillation signal 
V 0 having oscillation frequency, which changes in response to changes in a whole 
inductance and a whole capacitance, and outputs the signal V 0 to an oscillation signal 

15 output terminal, i.e., a V Q node. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a schematic circuit diagram illustrating a conventional 
inductor-capacitor (LC) voltage controlled oscillator; 
20 FIG. 2 is a circuit diagram illustrating a voltage controlled oscillator according 

to some embodiments of the present invention; 

FIG. 3 is a graph illustrating variation in the frequency of the voltage controlled 
oscillator of FIG. 2 versus a control voltage Vent; 

FIG. 4 is a graph illustrating variation in the gain of the voltage controlled 
25 oscillator of FIG. 2 versus a control voltage Vent; 

FIG. 5 is a graph illustrating variation in the gain of the voltage controlled 
oscillator of FIG. 2 versus a a digital control signal at a fixed control voltage Vent; 

FIG. 6 is a graph illustrating variation in the gain of the voltage controlled 
oscillator of FIG. 2 versus a unit area of a switched varactor unit and the digital control 
30 signal; 

FIG. 7 is a circuit diagram of a voltage controlled oscillator implemented as a 
complementary metal oxide semiconductor (CMOS) according to some embodiments 
of the present invention; and 

FIG. 8 is a circuit diagram of the capacitor bank unit illustrated in FIG. 7. 
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DETAILED DESCRIPTION 
The present invention now will be described more fully with reference to the 
accompanying drawings, in which embodiments of the invention are shown. This 
5 invention may, however, be embodied in many different forms and should not be 
construed as being limited to the embodiments set forth herein; rather, these 
embodiments are provided so that this disclosure will be thorough and complete, and 
will fully convey the concept of the invention to those skilled in the art. In the drawings, 
when an element is referred to as being "connected" or "coupled" to another element, it 
10 can be directly connected or coupled to the other element or intervening elements may 
be present. In contrast, when an element is referred to as being "directly connected" or 
"directly coupled" to another element, there are no intervening elements present. Like 
reference numerals refer to like elements throughout. 

FIG. 2 is a circuit diagram of a voltage controlled oscillator according to some 
15 embodiments of the present invention. As shown in FIG. 2, the voltage controlled 
oscillator includes a trans-conductance (Gm) amplifier 100, an inductor 1 10, a 
non-switched varactor unit 120, a switched capacitor unit 130 and a switched varactor 
unit 140. In FIG. 2, denotes a further capacitance component that represents a 
parasitic load on an oscillation signal output terminal of the voltage controlled 
20 oscillator and R denotes a resistance component that is also parasitic on the oscillation 
signal output terminal. 

The trans-conductance (Gm) amplifier 1 00 generates an amplified oscillation 
signal V 0 having oscillation frequency that changes based on an input overall 
inductance and capacitance of the circuit and outputs the oscillation signal V Q to the 
25 oscillation signal output terminal. For the embodiments of FIG. 2, the 

trans-conductance (Gm) amplifier 100 may include a bipolar transistor and/or may 
include a field effect transistor (FET). 

The inductor 110 provides the overall inductance of the VCO of FIG. 2 (i.e., 
represents the entire inductance of the VCO). The capacitance of the non-switched 
30 varactor unit 120 changes when a control voltage V cm applied to a control voltage input 
terminal changes, thereby changing the total effective capacitance of the VCO. 

The switched capacitor unit 130 as shown in FIG. 2 includes a plurality of 
digital switches SW 0 through SW n .j that are controlled by a control circuit and a 
plurality of capacitors connected to the switches SW 0 through SW n . f , respectively. The 
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capacitance of the switched capacitor unit 130 is the sum of the capacitances of the 
selected capacitors connected VCO by the switched digital switches SWo through SW n ./. 
The overall (whole) capacitance of the VCO depends on the capacitance of the 
switched capacitor unit 1 30 and the other capacitances as described herein. As shown 
5 in the embodiments of FIG. 2, binary weights are applied to capacitance values of the 
capacitors of the switched capacitor unit 130 and, thus, their capacitance values are Csw, 
2 1 Csw, • . . 2 n , Csw. As such, Csw denotes the capacitance value of the lowest-rank 
capacitor. 

The switched varactor unit 140 includes a plurality of digital switches SW 0 

10 through SW„.j and a plurality of varactors connected to the digital switches SW 0 through 
SW n - } , respectively. A change in the control voltage V cnt results in a change in the 
capacitances of the varactors. The capacitance of the switched varactor unit 140 is 
determined by a sum of the capacitances of the selected varactors connected to VCO by 
the switched digital switches SWo through SW„.j. The overall capacitance of the VCO 

1 5 depends on the capacitance of the switched varactor unit 1 40 and the other capacitances 
as described herein. As shown in the embodiments of FIG. 2, binary weights are 
applied to capacitance values of the varactors of the switched varactor unit 140 and, 
thus, their capacitance values are Cv.sw, 2 J C Vi siv,~-, and ?' l Cy t sw. C v ,sw denotes the 
capacitance value of the lowest-rank varactor. The varactors of the switched varactor 

20 unit 140 are changed responsive to a change in the control voltage V cnt . In particular, 
the varactors may have pn-junction diode structures and their capacitances may change 
responsive to a change in the control voltage V cnt . 

The control circuit generates a digital control signal for switching 
(opened/closed) the digital switches SWo through SW n .j included in the switched 

25 capacitor unit 130 and the switched varactor unit 140 so as to adjust the capacitance of 
the switched varactor unit 140, thereby controlling the total capacitance of the oscillator, 
which may minimize variation in a gain of the oscillator. 

More specifically, in some embodiments of the present invention, switching on 
or off of digital switches SW 0 through SW n ./ is controlled such that a sum of the 

30 capacitances of the capacitors connected to switched digital switches satisfies Equation 
(4) below. A gain of the oscillator may be computed using Equations (1) and (2) below 
and the unit capacitance area of a switched varactor may be computed using Equation 
(3) below. 
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F = 



1 



C = Cv + k x Csw + Cd , 

Cv = ac Jo {\ + v c j<py m , 
dF 



AT = 



dF dC„ 



dC v dV t 
1 



-y 2 



(C d + k C sw + C v ) /2 (-m)A.C jo (\ + V cnl If) 



-(m+I) 



An 41 

— ±=r (C d + A C sw 4- C y ) V2 (1 4- V cnf I <f>T^ (1 / 0 

4Wi 



(1) 



10 



wherein F denotes oscillation frequency; L denotes an inductance value of an inductor; 
C denotes a total conductance value; Cd denotes a load capacitance value that is 
parasitic on an oscillation signal output terminal; k denotes a decimal value of a binary 
digital control signal value, ranging from 0 to 2"" 1 ; C v denotes a sum of the capacitance 
values of the varactors connected to switched digital switches SW 0 through SW n ./; C sw 
denotes a capacitance value of a switched capacitor; K vco denotes a gain of the 
oscillator; A denotes a capacitance area of a varactor; V cnt denotes an input control 
voltage; C JO denotes a capacitance value per a unit area of a varactor when an inverse 
bias voltage is 0; <j> denotes a built-in potential and m denotes a coefficient that 
represents varactor characteristics. 



15 



^vco,k ~ 



(A 0+ k A s JC Jo m 
<j>An VZ 



(c„ +kc 5W +c vk r 3 ' 2 (i + v c „ f /<pr m+ »(ii</>) (2) 



wherein A 0 denotes a capacitance area of a non- switched varactor and A sw denotes a unit 
capacitance area of a switched varactor. 
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V,A - V.Af 

9 54 



0 = 



S =\j R + y[Q* + R 2 , T =^R-Jq 1 +R 2 , where ST = -Q, 



(3) 




where C</ denotes a load capacitance value that is parasitic on the oscillation signal 
output terminal; k denotes a decimal value of a binary digital control signal value; C v .* 
denotes a sum of the capacitance values of varactors connected through switched 
digital switches SW 0 through SW„.r, C sw denotes a capacitance value of switched 
capacitors; A Q denotes a capacitance area of a non-switched varactor and A sw denotes a 
unit capacitance area of a switched varactor. 

Equation (3) is based on K vcok = K vcok+h that is, the gain K vcok of the oscillator in 
Equation (2) has a constant value regardless of the decimal value k. 

The sum C Vt k in Equation (3) satisfies Equation (4): 



wherein A: denotes a decimal value of a binary digital control signal value; C v ,k denotes a 
sum of the capacitance values of varactors connected through switched digital switches 
SW 0 through SW n .j; A G denotes a capacitance area of a non-switched varactor; A sw 
denotes a unit capacitance area of a switched varactor; V cnJ denotes an input control 
voltage; C jo denotes a capacitance value per a unit area of a varactor when an inverse 
bias voltage is 0; ^ denotes a built-in potential and m denotes a coefficient that 
represents varactor characteristics. 

As described for the embodiments of FIG. 2 above, the control circuit 
determines the unit capacitance area A sn , of a switched varactor using Equation (3), for 
example, to reduce and/or minimize a variation in a gain of the oscillator for different 
values of the decimal value k. Thus, even if a gain of the oscillator decreases due to the 
capacitance of the switched capacitor unit 1 30, it may be possible to compensate for the 
gain change by adjusting the capacitances of the varactors of the switched varactor unit 
1 40. Thus, the gain of the oscillator may be generally maintained over a wide working 




(A 0+ k A s „)C JO (i + v ent /tr 



m 



(4) 
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frequency band. 

Thus, for some embodiments of the present invention, the frequency bandwidth 
and gain of the oscillator may be maintained even with a wide frequency band 
regardless of the number of capacitors of the switched capacitor unit and an increase in 
5 their capacitances. As such, the oscillator may operate stably in phase-locked loop 
(PLL) circuit. 

FIG. 3 is a graph illustrating a variation in the frequency characteristics of the 
voltage controlled oscillator of FIG. 2 versus a control voltage V cm . In particular, the 
graph of FIG. 3 shows the results of a simulation where a variation in the frequency 

10 characteristics of the voltage controlled oscillator of FIG. 2 is measured with three 
digital switches, three capacitors and three varactors. FreqO through Freq 7 indicate 
frequency characteristics, respectively, when a decimal value k of a binary digital 
control signal value ranges from 0 to 7. As shown for the embodiments of the present 
invention illustrated in FIG. 3, the working frequency of the voltage controlled 

15 oscillator increases slightly as the control voltage V cnt increases. 

FIG. 4 is a graph illustrating a variation in the gain of the voltage controlled 
oscillator of FIG. 2 versus the control voltage V cnt . The graph of FIG. 4 illustrated the 
result of a simulation where a variation in the frequency characteristics of the voltage 
controlled oscillator of FIG. 2 is measured with three digital switches, three capacitors 

20 and three varactors. K vco 0 through K vco 7 indicate the gain of the oscillator, respectively, 
when a decimal value £ of a binary digital control signal value ranges from 0 to 7. As 
shown in FIG. 4, the gain of a voltage controlled oscillator for the illustrated 
embodiments of the present invention is almost uniformly maintained regardless of 
working frequency for a control voltage V cnt . 

25 FIG. 5 is a graph illustrating a variation in a gain of the voltage controlled 

oscillator of FIG. 2 with respect to a digital control signal value when the control 
voltage V cni is fixed. The graph of FIG. 5 illustrates the result of a simulation where a 
variation in a gain of the voltage controlled oscillator of FIG. 2 is measured with three 
digital switches, three capacitors and three varactors when a decimal value k of a binary 

30 digital control signal value ranges from 0 to 7. As shown in FIG. 5, the rate of variation 
in a gain of a voltage controlled oscillator for the illustrated embodiments of the present 
invention is very small when the decimal value k is small but increases somewhat as the 
decimal value k becomes larger. As shown in FIG. 5, when the decimal value k changes 
in a range from 0 to 7, the rate of variation in gain of the oscillator is 8%, which, in the 
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context of the present invention, is minimal. 

FIG. 6 is a graph illustrating a variation in a gain of the voltage controlled 
oscillator of FIG. 2 when a unit area A sw of a switched varactor and a digital control 
signal value change. The graph of FIG. 6 illustrates the result of a simulation where a 
variation in a gain of the voltage controlled oscillator of FIG. 2 is measured with three 
digital switches, three capacitors and three varactors when a decimal value A: of a binary 
digital control signal value changes from 0 to 7. As previously discussed, A sw denotes a 
unit capacitance area of a switched varactor. FIG. 6 illustrates the gains AT vca *of the 
oscillator when the capacitance areas A sw are 3.5, 4, 4.5, and 5. For some embodiments 
of the present invention, the capacitance area A sw is 4.5, where, as shown in FIG. 6, the 
rate of variation in gain of the oscillator is small, i.e., about 4%. 

FIG. 7 is a circuit diagram of a voltage controlled oscillator according to some 
embodiments of the present invention implemented as a complementary metal oxide 
semiconductor (CMOS). FIG. 8 is a circuit diagram of embodiments of a capacitor 
bank 730 illustrated in FIG. 7. 

Referring now to FIG. 7, the illustrated oscillator includes a trans-conductance 
(Gm) amplifier 700, an inductor 710, a non-switched varactor unit 720 and the 
capacitor bank 730. As shown in the embodiments of FIG. 8, the capacitor bank 730 
includes a switched capacitor unit 73 1 and a switched varactor unit 733. The operations 
of these elements are generally the same as those of the corresponding components 
shown in the embodiments of FIG. 2 and, thus, they will not be described further herein. 
The operation and structure of the voltage controlled oscillator shown in FIGs. 7 and 8 
is generally equivalent to those of the voltage controlled oscillator of FIG. 2, except that 
the capacitor bank 730 is included and the switched capacitor unit 73 1 and the switched 
varactors 733 are incorporate in the capacitor bank 730. 

As shown in FIG. 8, D 0 through D n .j denote signals for switching on or off a 
plurality of digital switches included in the switched varactor unit 733. The signals Do 
through £>„-/ are generated by a control circuit 740, such as described with reference to 
FIG. 2. For the voltage controlled oscillator of FIGs. 7 and 8, the trans-conductance 
(Gm) amplifier 700 generates an amplified oscillation signals V* and V~ whose 
oscillation frequencies change in response to input inductances LI and L2 and the total 
capacitance of the oscillator, in other words, the sum of the capacitance C v of the 
non-switched varactor unit 720 and the capacitance of the capacitor bank 730. The 
oscillation signals V* and V~ are output to oscillation signal output terminals, i.e., 
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nodes K 0 + and V~ . 

As described with reference to FIG. 2, the control circuit 730 generates the 
signals Do through D n .j that control switching on or off of the digital switches so as to 
adjust the capacitance area of the switched varactor unit 733, thereby controlling the 
5 overall capacitance of the oscillator, which may reduce or minimize the rate of 
variation in gain of the oscillator. 

As also described with reference to FIG. 2, switching on or off of digital 
switches may be controlled such that the capacitance area of the switched varactor unit 
is adjusted to minimize the rate of variation in the gain of the oscillator. A gain of the 

10 oscillator maybe computed using Equations (1) and (2) and the unit capacitance area of 
a switched varactor may be computed using Equation (3). The sum C Vt * in Equation (3) 
satisfies Equation (4). Equation (3) is based on K vco k = K VCOtk+ j, that is, the gain K vco k of 
the oscillator in Equation (2) has a substantially fixed value regardless of the decimal 
value k. However, unlike in the oscillator of FIG. 2, the switched capacitor unit 731 and 

15 the switched varactor unit 733 of FIGs. 7 and 8 may have symmetrical structures. 

Therefore, the capacitance of each of them in Equations (1) through (4) corresponds to 
the one-side total capacitance of respective switched capacitors and varactors. 

As described above, a voltage controlled oscillator according to embodiments of 
the present invention includes a trans-conductance (Gm) amplifier that generates an 

20 amplified oscillation signal V Q having an oscillation frequency that changes responsive 
to changes in the total inductance and capacitance of the oscillator and outputs the 
signal V 0 to an oscillation signal output terminal, i.e., a V Q node. An inductor supplies 
the total inductance of the oscillator. The capacitance of a non-switched varactor unit 
may be changed responsive to a change in a control voltage V cnt applied to an oscillation 

25 signal input terminal by the control circuit 730 to change the total capacitance of the 
oscillator. A switched capacitor unit includes a plurality of digital switches controlled 
by a control circuit and includes a plurality of capacitors connected to the digital 
switches, respectively. The capacitance of the switched capacitor unit may be adjusted 
to equal a sum of the capacitances of the capacitors connected through the switched 

30 digital switches to change the total capacitance of the oscillator. The switched varactor 
unit includes a plurality of digital switches and a plurality of varactors connected to the 
digital switches. The capacitances of the varactors changes responsive to a change in 
the control voltage V cnt . The capacitance of the switched varactor unit 140 may also be 
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adj usted to equal a sum of the capacitances of the varactors connected through the 
switched digital switches to change the total capacitance of the oscillator. 

The inductor-capacitor (LC) voltage controlled oscillator in some embodiments 
of the present invention simultaneously uses switched capacitors and varactors 
designed such that the capacitances of the varactors change at the same time as the 
capacitances of the switched capacitors change. Such oscillators may have low-noise 
characteristics and operate at a wide frequency band even if a low-level supply voltage 
is applied to an integrated circuit device including the oscillators. Furthermore, the 
frequency bandwidth and gain of the oscillator in some embodiments of the present 
invention may be maintained regardless of the number of the switched capacitors or an 
increase in their capacitances. Therefore, when the oscillator is included in a PLL, the 
oscillator may be stably operated in such embodiments. 

While this invention has been particularly shown and described with reference 
to various embodiments thereof, it will be understood by those skilled in the art that 
various changes in form and details may be made therein without departing from the 
spirit and scope of the invention as defined by the appended claims. 
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